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BIOCHEMICAL TAXONOMY OF THE DERMATOPHYTES
I. COMPARATIVE Disc ELECTROPHORESIS OF CULTURE FILTRATE PROTEINS*
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AND VICTOR D. NEWCOMER, M.D.
Taxonomy of fungi is based classically on
the morphology of sexual reproductive struc-
tures. Most fungi of medical importance lack
these structures and are included within the
broad heterogeneous class Fungi Imperfecti.
Taxonomy of fungi in this class is based prin-
cipally on the morphology of asexual spores.
The taxonomic reliability of this latter cri-
tenon has been questioned (1).
All of the dermatophytes were formerly clas-
sified as Fungi Imperfecti (2). The discovery of
the perfect or sexual stages of some species
has resulted in reclassification of these species
as Ascomycetes, Family Gymnoascaceae, Genus
Nan.nzzia or Genus Arthroderc'na (3). The
taxonomy of the dermatophytes may not how-
ever be clarified through additional search for
perfect stages. The perfect stages of all of
the dermatophytes may iever be discovered
since some species may have completely lost
their ability to reproduce sexually (4).
Various methods of zone electrophoresis have
been utilized in studies of fungi in order to
elucidate their taxonomic relationships. These
techniques have been applied to Neuro$pora
(5), Pythiuc'n (6), Phytophthora (7), Septoria
(8), Aspergillus (9), and mushrooms (10).
In these studies, homology of protein fractions,
expressed by common electrophoretic mobilities,
has been interpreted as an indication of genetic
similarity.
Disc electrophoresis, a very sensitive and
highly reproducible method of zone electro-
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phoresis, has recently been used in taxonomic
studies of several species of dermatophytes
(11, 12). Various preparations from Micro-
$porum cafli$, M. gypeun, Trichophyton
?nentagrophyte$, T. rubrum, T. ton$urams, and
Epidermophyton flocco$um yielded 8 to 15
distinct protein fractions. The data were in
general consistent with conventional classifica-
tion and suggested that electrophoresis may
provide a new source of taxonomic characters.
This study extends the previous data by
cornpari1g disc electrophoretic protein pat-
terns of 21 dermatophyte species.
MATERIALS AND METHODS
One isolate each of M. canis, M. gypseum, M.
dislorlurn, M. nanurn, M. ferrugineum, M. cookei,
M. vanbreuseghernii, M. audouinii, T. ton.urans,
T. menlagrophyles, T. yaoundei, T. verrucosum,
T. le'rrestre, T. rubrum, T. gaitinae, T. violaceum,
T. schoenteinii, T. soudanen.se, T. megninii, E.
floccosum, and Keralinomyces ajetloi were incu-
bated in Sabouraud liquid medium (1% Bacto-
peptone, 4% dextrose) at room temperature on a
rotary shaker. Flasks in replicate were inoculated
with approximately equal amounts of the aerial
growth of each isolate which had been cultured
for 7 to 14 days on Sabouraud dextrose agar at
room temperature. Each isolate had the gross
and microscopic characteristics of its species. All
flasks were incubated for 14 days except those con-.
taming T. soudanense, T. megninii, and T.
verrucosum which were incubated for 3i, 34, and
74 days respectively. Portions of each culture
were examined at the end of the incubation
period and no contamination was found. Two
flasks of uninoculated medium were prepared and
incubated in an identical manner.
The extraction of water soluble non-dialyzable
protein from the culture filtrates and disc electro—
phoresis were performed as previously described
(i3). A high resolution densitometer, Canalco
Model F Microdensitometer (Canal Industrial
Corp.), was used to scan the gels.
The degree of electrophoretic similarity among
the various species was estimated by determining
the number of homologous fractions in each of
the 210 possible pairs of species. A randomiza-
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tion test for clustering (14) was used to compare
the mean number of homologous fractions in
various combinations of species with the mean
number of homologous fractions in the 210
pairs.
RESULTS
The culture filtrates of each species yielded a
characteristic electrophoretic patterii of distinct
protein fractions. The patterns were reproduc-
ible for the replicates of the filtrates with
electrophoretic mobilities agreeing within Rf
values of 0.1. The precipitate obtained from
the uninoculated Sabouraud medium produced
clear gels with no protein fractions.
Microdensitometer tracings of the electro-
phoretic patterns are presented in Fig. 1 and 2.
Fraction with mobilities within a Rf range of
0.5 were considered homologous. The similarities
and differences among the patterns in respect to
number and electrophoretic mobility of the
protein fractions are summarized in Fig. 3.
The number of fractions ranged between 17 for
M. distortum to 9 for Al. canis, Al. audouinii,
and T. megninii.
All 21 species yielded the two fractions at
Rf 90.0 and 95.4. More than half of the
Micros porum species but none of the others
yielded the two fractions at Rf 36.3 and 43.8.
More than half of the Trichophyton species
but none of the others yielded the two frac-
tions at Rf 50.0 and 55.6. Epidermophyton
floccosum yielded seven fractions (Rf 7.6, 16.6,
19.5, 56.6, 70.2, 75.7, 86.4) which were exclu-
sively found in that species. Keratinomyces ajel—
loi yielded four exclusive fractions (Rf 34.7, 38.5,
46.5, 54.6). Nine other species yielded exclusive
fractions. These were Ill. gypseum (Rf 40.8),
Al. distort'um (Rf 85.1), 1W. nanum (Rf 33.9),
Al. cookei (Hf 53.5), 111. vanbreuseghemii (Rf
45.5), T. mentagrophytes (Rf 92.3), T. rubrum
(Rf 18.4, 87.0), T. schoenleinji (Rf 47.3), and
T. megninii (Rf 9.6).
Certain groups of fractions can be cited as
defining the Micros porum species or the Tn-
chophyton species. At least four of the fractions
at Hf 4.8, 11.7, 23.6, 36.3, and 43.8 are found
in each Micros porum species but not more than
one of these fractions is found in any other
species. At least three of the fractions at Rf
1.8, 12.6, 20.6, 42.5, 50.0, 55.6, and 68.0 are
found in each Trichophytom species but not
more than one is found in any other species.
The maximum number of homologous frac-
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FIG. 1. Microdensjtorneter tracings of electrophoretic protein patterns from Illicrosporum
species, K. ajelloi and E. floccosum.
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Fio. 2. Microdensitorneter tracings of electrophoretic protein patterns from Trichophyton
species.
tions raiged from 11 for M. gypseuni and
M. distortm and for T. tonsurans and T.
mentagrophytes, to two for 18 pairs of species.
All of the nine M. canis fractions were homolo-
gous with M. ypseurn fractions. The mean
number (7.2) of homologous fractions within
the genus Micros porum (Micros porum species
paired with Microsporum species) and the
mean (5.7) within the genus Trichophyton
(Trichophyton species paired with Trichophy-
ton species) were each significantly higher
(P < .01) than the mean (4.7) within the
210 pairs. The mean numbers of homologous
fractions in other combinations of pairs of
species were lower than 4.7. These combina-
tions included Micros porurn species paired with
Trichophyton species (3.9), with E. floccosum
(2.8), and with K. ajellol (3.8); Trichophyton
species paired with E. floccosum (2.8) and with
K. ajelloi (3.7); and E. floccosum paired with
K. ajelloi (3.0).
DISCUSSION
The agreement of the data with conventional
taxonomy of the dermatophytes is demon-
strated by several observations. Distinct electro-
phoretic patterns were obtained from each
species. Two groups of fractions are readily
selected which distinguish between Micros porum
species and Trichophyton species. These frac-
tions actually constitute a basis for an identifi-
cation key. The high mean number of homolo-
gous fractions within each genus indicates that
iii general a Microsporum species has more
homologous fractions in common with another
Micros porun species, than with a Trichophy-
ton species, E. floccosum, or K. ajelloi. This is
similarly true in respect to Trichophyton
species. The relatively high numbers of exclusive
fractions in E. floecosum and K. ajelloi are
consistent with their delineation as mono-
specific genera. Finally the two fractions com-
mon to all of the dermatophytes provide
presumptive evidence of their close group rela-
tionship. These two fractions may represent pro-
teins characteristic of the dermatophytes.
The reliability of the experimental procedures
is supported by several findings. Reproduc-
ibility is demonstrated by the essentially iden-
tical patterns of the replicates of each prepara-
tion. The patterns obtained from M. canis,
M. gypseum, T. mentagrophytes, T. tonsurans,
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T. rubr'uin, and E. floccosum are similarly
identical to those obtained from these same
strains in a previous study (11). In addition,
four different human isolates of M. canis,
T. mentagrophytes, T. tonsurans, T. rubrum,
and E. floccosum have also been studied (12).
The four isolates of each species were very
similar to each other in number and electro-
phoretic mobility of protein fractions but ex-
hibited some variations in optical densities of
homologous fractions.
The criterion of homology used in this study
was similarity of electrophoretic mobility within
a total Jtf range of 0.5. Ultimate proof of
identity, however, will require electrophoresis of
mixtures of preparations from different species
and detailed analyses of homologous fractions
with biochemical and immunochemical methods.
The fractions in this study include only a
sample of the different proteins which can be
produced by a species. The particular proteins
detected were determined by cultural condi-
tions, extraction procedures, and electro-
phoresis system. Water soluble non-dialyzable
proteins from culture filtrates were analyzed
initially since they can be prepared with rela-
tive ease. Mycelial extracts of at least some
dermatophytes contain different proteins (11),
and a more extensive analysis will provide ad-
ditional data.
Incubation of all species for the same time
period was desired but the slow growth of
T. soudanense, T. megninii, and T. verrucosuni
necessitated their incubation for longer periods.
The effect on the electrophoretic patterns in
these instances is unknown. Electrophoretic
patterns of Coccidioides immitis incubated for
15 and 30 days, however, differed in optical
densities of homologous fractions rather than
number or mobility of the fractions (13).
The conformity of the data with conven-
tional taxonomy must be interpreted with
proper reservation. The reasoning employed
was essentially taxonomically biased since the
electrophoretic data were compared with a
conventional classification. It is meaningful
only if conventional taxonomy is valid. Certain
taxonomic conflicts are not resolved such as
the proper generic classification of the species
referred to as M. ferrugineum (3, 15) which
some authoritIes classify as T. ferrngineuin
(16, 17). Numerical taxonomy has evolved
as an empirical approach to classification with-
out the bias of preconceived ideas (18). It is
essentially the quantitative determination of
the degree of similarity between taxa and the
subsequent grouping of these taxa into a
hierarchal order. The application of numerical
Int4 QE t t 'n.
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taxonomy to the electrophoretic protein pat-
terns of the dermatophytes is demonstrated in
the accompanying report.
SUMMARY
Water soluble protein extracts were prepared
from filtrates of 21 dermatophyte species
cultured in Sabouraud medium. The extracts
were fractionated by disc electrophoresis. Each
species yielded a reproducible, characteristic
pattern of distinct protein fractions. The de-
gree of electrophoretic similarity among the
various species was estimated by determining
the number of homologous fractions in each of
the 210 possible pairs of species. The mean
number 7.2) of homologous fractions withth
the genus Micros porum and the mean (5.7)
within the genus Trichophyton were each sig-
nificantly higher (P < .01) than the mean
(4.7) within the 210 pairs. Relatively high
numbers of exclusive fractions were found in
Epidermophyton floccosum and Keratinomyces
ajelloi. Two groups of fractions were readily
selected which distinguished between Micro-
sporum and Trichophyton. These groups con-
stitute a basis for an identification key. The
present data agree with the conventional tax-
onomy of the dermatophytes.
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